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© An artificial heart has a driving section (5) and a 
£J pump section (4), and a sealing section (31) forming 
" a seal for a driving shaft extending from the driving 

section (5) for driving the pump section (4). A seal- 
*7 ing liquid chamber (30) filled with a sealing liquid is 
~ formed around the driving shaft (26) between the 
O sealing mechanism (31) and the driving section (5). 
J^J The sealing liquid in the sealing liquid chamber (30) 



Q. 
HI 



maintains the sealing mechanism (31) in a liquid- 
tight state and lubricates the sealing mechanism 
(31), whereby blood is prevented from entering the 
driving section (5). Even if blood happens to enter 
the sealing liquid chamber (30), the blood is mixed 
with the sealing liquid and does not coagulate. Thus, 
the operation of the artificial heart is not suppressed. 
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This invention relates to an artificial heart, and 
more particularly an auxiliary artificial heart of an 
embedded type, embedded in the left or right 
ventricle of the heart in a human body, and op- 
erated at high reliability by preventing body fluids 
such as blood from adversely entering the artificial 
heart. 

Conventional artificial hearts are of a dia- 
phragm type, of a sack type, of an axially symmet- 
ric type, of a centrifugal type, of a pusher plate 
type or the like. Each of these conventional artificial 
hearts delivers blood in place of a human heart or 
by bypassing it. 

Recently, there has been developed an auxil- 
iary artificial heart which is embedded in a ventricle 
of a human heart and has the tip end of a nozzle 
passing through an aorta valve or the like such that 
blood is delivered from" the ventricle into an aorta 
through the nozzle. The artificial heart has such a 
structure that it does not suppress any function of 
the human heart when it is provided in the human 
heart and it delivers additional blood into the aorta 
when blood pumped out from the human heart due 
to its beats is insufficient. The blood is delivered 
not only by the artificial heart but also by the 
pulsing human heart due to its beats. Even if the 
operation of the artificial heart happens to stop, 
bjood is delivered by the human heart due to its 
beats. 

Naturally, the volume of the part of the artificial 
heart which is inserted in a ventricle of the human 
heart must be smaller than the volume of the 
human heart when it is contracted most. Such an 
artificial heart has a pump body comprising a cylin- 
drical axial-flow pump section, a nozzle section 
provided on its distal end and a driving section 
provided on the proximal end of the axial-flow 
pump section. The cardiac apex of a ventricle of a 
human heart is cut and a short cylindrical cardiac 
apex ring is embedded therein. The pump section 
and the nozzle section are inserted in the ventricle 
through the cardiac apex ring, and the distal end of 
the nozzle section is inserted in an aorta through 
its aorta valve or the like. The driving section which 
has a large volume is embedded in a portion of the 
thorax which is outside of the human heart. 

The artificial heart has the following problem in 
connection with the function of a shaft-sealing 
mechanism provided between the pump section 
and the driving section. With the artificial heart, a 
motor and other elements are housed in the driving 
section, and the rotor of the pump section is driven 
via driving shaft extending from the driving section 
to the pump section. Blood applied with a blood 
pressure flows through the pump section. In this 
state, blood is not allowed to enter the space in the 
driving section. If blood enters the space defined in 
the driving section, coagulation of blood occurs and 
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the operation of the motor stops. 

It is necessary to provide, between the driving 
section and the pump section, a sealing mecha- 
nism for sealing the driving shaft in liquid tight 

5 state in order to prevent blood from entering the 
interior of the driving section. Since, however, the 
artificial heart is embedded in a human body, the 
artificial heart must be operated for a long time 
without maintenance. It is not easy with the present 

10 technology to provide a shaft-sealing mechanism 
with which perfect sealing is maintained for a long 
time. 

The object of this invention is to provide an 
artificial heart which has a shaft-sealing mechanism 

75 for completely preventing blood from entering the 
interior of a driving section for a long time. 

An auxiliary artificial heart according to this 
invention inserted in a ventricle of a human heart, 
including a cylindrical cardiac apex ring embedded 

20 in the cardiac apex of the human heart by cutting 
the cardiac apex, and a main body of the artificial 
heart comprising a cylindrical axial-flow pump sec- 
tion inserted in the ventricle of the human heart 
through the cardiac apex ring, a nozzle section 

25 extending outward from the distal end of the pump 
section through the aorta valve of the human heart 
and a driving section provided on the proximal end 
of the pump section and disposed outside (or ex- 
ternally) of the human heart, for driving the pump 

30 section through a driving shaft. 

Between the driving section and the pump sec- 
tion is provided a sealing mechanism for maintain- 
ing the driving shaft in a liquid tight state so as to 
prevent blood from entering the interior of the 

35 driving section from the pump section. The sealing 
mechanism defines a sealing liquid chamber sur- 
rounding the driving shaft at the driving section and 
a sealing liquid is filled in the sealing liquid cham- 
ber. 

40 According to a preferred embodiment, the seal- 

ing liquid includes a physiological sodium chloride 
solution or an anticoagulant such as heparin, and 
the sealing liquid chamber communicates with a 
sealing liquid bag made of flexible material, filled 

45 with the sealing liquid and embedded in the human 
body. 

The sealing mechanism is provided with an oil 
seal made of elastic material, closely fitted on the 
outer peripheral surface of the driving shaft due to 

50 its elastic deformation and forming a lubricating 
film of the sealing liquid between the peripheral 
surface of the driving shaft and the oil seal. 

The pump section is driven by a motor or the 
like driving unit housed in the driving section. The 

55 pump section sucks blood from a ventricle of a 
human heart and discharges it into an aorta from 
the nozzle section of the distal end of the pump 
section by bypassing the aorta valve or the like. 

3 
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Thus, blood is delivered to the aorta not only by 
the beats of the human heart but also by means of 
the artificial heart. The artificial heart supplements 
insufficient amount of blood which is not provided 
by the human heart, whereby it is ensured that the 
necessary amount of blood can be delivered. The 
volume of the pump section is smaller than the 
volume of the ventricle of the human heart when it 
contract most so as not to prevent natural beats of 
the human heart. 

The sealing mechanism prevents blood from 
entering the driving section from the pump section. 
In this case, the sealing mechanism defines a 
sealing liquid chamber at the driving section, and a 
sealing liquid such as a physiological sodium chlo- 
ride solution is filled in the sealing liquid chamber. 
Sealing and lubrication of the sealing mechanism 
are ensured by the sealing liquid, and blood Is 
securely prevented from entering the interior of the 
driving section from the sealing mechanism. 

Even if the sealing mechanism is deteriorated 
and blood enters the mechanism, the blood which 
has entered the mechanism is mixed with the seal- 
ing liquid. Thus, blood is not coagulated and does 
not prevent the smooth operation of the artificial 
heart. 

In the embodiment, the sealing mechanism is 
provided with an oil seal which forms a lubricant 
film of the dealing liquid between the oil seal and 
the outer peripheral surface of the driving shaft and 
is elastically closely fitted on the outer peripheral 
surface of the driving shaft for securely preventing 
the entrance of blood such that the oil seal is not 
worn and has high durability. The oil seal can be 
designed such that the lubricant film formed be- 
tween the oil seal and the outer peripheral surface 
of the driving shaft delivers blood in only one 
direction toward the pump section. This structure 
ensures the prevent in of blood from entering the 
interior of the driving section. 

According to the preferred embodiment, the 
sealing liquid chamber communicates with the 
sealing liquid bag embedded in the human thorax 
or the like. A sealing liquid is supplemented from 
the sealing liquid bag and thus can be supplied to 
the sealing liquid chamber for a long time. 

In a preferred embodiment, the driving shaft 
uses a dynamic pressure bearing made of ceramic 
material operated in the sealing liquid. A coating 
film is formed between the sliding surfaces due to 
the dynamic pressure of the sealing liquid, thereby 
reducing rotational resistance of the bearing and 
preventing its wear, leading to high reliability. 

When the driving shaft is rotated, the dynamic 
pressure bearing generates dynamic pressure. The 
dynamic pressure provided a liquid seal between 
between the sealing liquid chamber and the driving 
section. The sealing liquid is thereby prevented 



from flowing from the sealing liquid chamber into 
the driving section. 

The dynamic pressure bearing, which is moun- 
ted on the distal end portion of the driving shaft, 
5 supplied the sealing liquid to the oil seal. Hence, 
the sealing liquid circulates in the artificial heart, 
preventing foreign body from depositing. 

In a further preferred embodiment, a metal 
plating is formed on the outer peripheral surface of 
io the driving shaft. Tetrafluoroethylene and its deriva- 
tives are made eutectic in the metal plating film, 
thereby improving not only lubricating properties 
between the driving shaft and the oil seal but also 
durability. 

75 The metal plating film of this kind is water- 

repellent and is well compatible with living body. 
Any component that contacts blood or the like may 
be covered entirely with such a metal plating film. 
This invention can be more fully understood 

20 from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a cross sectional view of an artificial 
heart of a first embodiment of this invention, 
25 provided in the left ventricle of a human heart; 

FIG. 2 is a longitudinal cross-sectional view of 
the main body of the artificial heart of the first 
embodiment; 

FIG. 3 is a cross sectional view of a sealing 

30 section; 

FIG. 4 is an enlarged cross-sectional view show- 
ing the structure of a film formed on the outer 
peripheral surface of a driving shaft; 
FIG. 5 is an exploded view of one of two dy- 

35 namic pressure bearings; 

FIG. 6 is an exploded perspective view of the 
other dynamic pressure bearing; 
FIG. 7 is a diagram showing the dynamic pres- 
sure bearing, as viewed in the direction of ar- 

40 rows 7 in FIG. 5; 

FIG. 8 is a diagram showing the dynamic pres- 
sure bearing, as viewed in the direction of ar- 
rows 8 in FIG. 5; 

FIG. 9 is a sectional view taken along line 9 in 

45 FIG. 8; 

FIG. 10 is a longitudinal cross-sectional view of 
another embodiment of the dynamic bearing; 
FIG. 11 is a longitudinal cross-sectional view of 
a further embodiment of the dynamic bearing; 

so FIG. 12 is a longitudinal cross-sectional view of 
the main body of an artificial heart of a section 
embodiment according to this invention; 
FIG. 13 is a longitudinal cross-sectional view of 
the main body of the artificial heart of a third 

55 embodiment according to this invention; and 

FIG. 14 is an enlarged longitudinal cross-sec- 
tional view of part of FIG. 13. 
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The embodiments of this invention will be de- 
scribed with reference the accompanying drawings. 

A first embodiment of this invention is shown in 
FIGS. 1 to 6. FIG. 1 shows an artificial heart of this 
invention in a state embedded in the left ventricle B 
of the heart A of a patient (hereinafter referred to 
as the "human heart"). A cardiac apex, a left atri- 
um, a mitral valve, an aorta valve and an aorta are 
designated by C, D, E, F and G, respectively. 

The artificial heart 1 comprises a cardiac valve 
ring 2 and the main body 3 of the artificial heart. 
The cardiac valve ring 2 is a short cylindrical 
member having a flange and is embedded in the 
human heart A through the cardiac apex C of the 
human heart A after the cardiac apex C has been 
cut. The main body 3 of the artificial heart 1 
comprises a pump section 4, a nozzle section 6 
provided on the distal end of the pump section 4 
and a driving section 5 provided on the proximal 
end of the pump section 4. The pump section 4 
and the nozzle section 6 are inserted in the left 
ventricle B through the cardiac apex ring 2, and the 
nozzle section 6 is further inserted in the aorta G 
through the central portion of the aorta valve F. 
Liquid tightness is ensured between the cardiac 
apex ring 2 and the main body 3 by means of a 
ordinary sealing mechanism, for example, a sealing 
member 8. 

The pump section 4 is a relatively small cylin- 
drical member and it has a smaller volume than the 
volume of the left ventricle B when it contracts 
most so as not to prevent natural beats of the 
human heart A. In the pump section 4 is housed a 
small axial-flow pump which is driven by a motor 
provided in the driving section 5. The pump section 
4 sucks blood from the left ventricle B at a suction 
port 7 formed in the outer peripheral surface of the 
section 4 and discharges the blood form the distal 
end of the nozzle section 6 into the aorta G with 
the aorta valve F bypassed. 

The nozzle section 6 passing through the cen- 
tral portion of the aorta valve F is made of soft 
synthetic resin material such that it does not sup- 
press the function of the aorta valve F and it does 
not injure the aorta valve F. 

The driving section 5 is embedded in a portion 
of the thorax outside of the human heart A. In the 
driving section 5 are provided a motor and other 
elements such as electric cells and electronic con- 
trol elements if they are required. The driving sec- 
tion 5 is connected by means of electric wires 9 to 
a non-contact type electrode 10 embedded in a 
portion of the human body close to his skin H. A 
necessary electric power is supplied from an exter- 
nal electric source (not shown) to the driving sec- 
tion 5 through the electrode 10. 

The driving section 5 is further connected to a 
sealing liquid bag 12 by a flexible tube 11. The 
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sealing liquid bag 12 is made of flexible material 
and filled with a sealing liquid such as a physiologi- 
cal sodium chloride solution. The sealing liquid bag 
12 is embedded in a suitable portion of the body of 
5 the patient, such as the thorax or the abdominal 
cavity. 

The structure of the main body 3 will be de- 
scribed with reference to FIG. 2. The pump section 
4 has a cylindrical casing 21 which is reduced in 

io diameter at its distal end portion to form the nozzle 
section 6 and is connected at its proximal end 
portion to the driving section 5 by an extension 24. 
In the casing 21 are provided an axial-flow pump 
such as a propeller 22 and a plurality of guide 

75 vanes 23 for rectifying a blood flow. The suction 
port 7 is formed in the outer peripheral surface of 
the casing 21. In the casing 21 is formed a continu- 
ous blood passage extending from the suction port 
7 to the nozzle section 6 via the propeller 22 and 

20 the guide vanes 23. A thin cylindrical nozzle tube 
25 made of flexible synthetic resin material is 
mounted on the nozzle section 6. As described 
above, the nozzle tube 25 is designed so as to 
improve the contacting properties of the nozzle 

25 tube 25 with the ventricle valve F, prevent injure of 
the ventricle valve F and prevent the function of the 
ventricle valve F form being suppressed. The noz- 
zle tube 25 is a flexible thin cylindrical member. 
Thus, when the artificial heart happens to be out of 

30 order, the nozzle tube 25 is collapsed by the blood 
pressure in the aorta G so as to act as a check 
valve for preventing blood from flowing backward 
from the aorta G to the left ventricle B. 

The distal end portion of the driving shaft 26 is 

35 connected to the propeller 22. The driving shaft 26 
passes through the extension 24 and extends to 
the interior of the driving section 5. In the driving 
section 5 is provided a motor having a stator coil 
32 and a rotor 33. The proximal end portion of the 

40 driving shaft 26 is connected to the rotor 33. A 
cover 34 seals the driving section 5 hermetically. 

In this embodiment, the blood flow passage in 
the pump section 4 is made smooth. The center 
portion of the pump section 4 has a boss portion 

45 61 , in which the driving shaft 26 and the bearing 28 
are inserted. The sealing mechanism 31 is located 
in the distal end of the boss section 61, and has a 
conical oil seal. The oil seal is fitted in the conical 
depression formed in the rear end of a propeller 

so boss 63 of the propeller 22, with a small gap 
formed between the oil seal and the conical de- 
pression. The guide vane 23 has a boss 64 which 
opposes the front end of the propeller boss 63 and 
is located at a short distance therefrom. No steps 

55 are made between the inner peripheral surface of 
the casing 21 and the outer surfaces of the boss 
section 61, propeller boss 63 and boss 64. A 
smooth annular blood flow passage is therefore 

5 
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formed between the inner peripheral surface of the 
casing 21 and the outer surface so the components 
61, 63 and 64. 

The suction port 7 is formed in the proximal 
part of the boss section 61. A plurality of flow 
regulating vanes 62 are arranged between the suc- 
tion port 7 and the propeller 22. 

Since the blood flow passage is smooth as 
described above, the blood can flow smoothly, 
enhancing the pump efficiency and reducing the 
number of places where the blood does not flow. 
Hence, the possibility of thrombi is decreased. 

The distal end portion of the driving shaft 26 is 
supported by a bearing 28 made of ceramic ma- 
terial, and the proximal end portion of the driving 
shaft 26 is supported by dynamic pressure bear- 
ings 35 and 36 made of ceramic material in the 
driving section 5. On the~distal end portion of the 
driving shaft 26 is provided a sealing mechanism 
31 for performing sealing between the interior of 
the pump section 4 and the interior of the driving 
section 5 such that blood in the pump section 4 is 
prevented from entering the driving section 5. 

In the portion of the main body 3 between the 
sealing mechanism 31 and the driving section 31 
(for example, the extension 24 of the casing 21) is 
formed a sealing liquid chamber 30 surrounding 
the driving shaft 26. A sealing liquid such as a 
physiological sodium chloride solution is filled in 
the sealing liquid chamber 30. If necessary, a 
blood coagulant such as heparin or any other 
chemical agents, if required are added to the so- 
dium chloride solution. 

The sealing liquid is not limited to physiological 
chloride solution. Heparin may be sued as sealing 
liquid. 

An axial groove 27 is formed between the 
outer. The space is filled with the sealing liquid and 
substantially forms part of the sealing liquid cham- 
ber 30. Between the outer peripheral surface of the 
dynamic pressure bearing 35 and the inner periph- 
eral surface of the casing 31 is formed an axial 
groove 37 which communicates with the sealing 
liquid chamber 30 and a narrow passage 38 
formed in the inside wall of the driving section 5. 
The sealing liquid chamber 30 communicates with 
the sealing liquid bag 12 via the groove 37, the 
passage 38 and the tube 1 1 . 

The sealing mechanism 31 will be described. 
In this embodiment, an oil seal is sued as the oil 
seal 31. The oil seal is made of elastic material 
such as synthetic rubber, and has an elastically 
deformable lip portion which abuts against the out- 
er peripheral surface of the driving shaft 26 to 
maintain liquid tightness. The oil seal has a specific 
feature in that a lubricating film of the sealing liquid 
is formed between the oil seal itself and the drive 
shaft 26. This lubricating film ensures the sealing 
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and prevents direct contact of the oil seal with the 
outer peripheral surface of the driving shaft 26 
such that the oil seal is free from wear for a long 
time. 

5 In FIG. 3 is shown an preferred embodiment of 

the seal mechanism 31 provided with an oil seal 41 
made of synthetic rubber, for example, and having 
a elastically deformable lip portion 42. The inner 
peripheral surface of the lip portion 42 is in contact 
10 with the outer peripheral surface of the driving shaft 
26. A garter spring 43 is provided on the oil seal, 
for stabilizing contact pressure between the lip 
portion 42 and the outer peripheral surface of the 
driving shaft 26. As described above, the oil seal 

15 41 is designed such that a thin lubricating film of 
the sealing liquid is formed between the inner 
peripheral surface of the lip portion 42 and the 
outer peripheral surface of the driving shaft 26. The 
sealing liquid acting as the lubricating film is adapt- 

20 ed to circulate on the sealing surface by the rota- 
tion of the driving shaft 26. Further, in this embodi- 
ment, the sealing liquid acting as the lubricating 
film is adapted to flow in only one direction toward 
the pump section 4 such that the sealing liquid is 

25 made to flow little by little through the pump sec- 
tion 4. This behavior of the sealing liquid securely 
prevents blood from entering, from the pump sec- 
tion 4, the sealing surface defined between the oil 
seal 41 and the driving shaft 26. 

30 Since the sealing liquid is a sodium chloride 

solution and a very small amount of the solution 
flows into the pump section 4, it does not affect the 
human body any more. It is sufficient that the 
amount of the flowing-out sealing liquid is several 

35 cubic centimeters per month, for example, and the 
amount of the sealing liquid corresponding to the 
flowing-out amount is supplied form the sealing 
liquid bag 12. When, therefore, several ten cubic 
centimeters of the sealing liquid is contained in the 

40 sealing liquid bag 12, it is unnecessary to supple- 
ment the sealing liquid more than a year. 

The oil seal 41 may be made of various materi- 
als. Examples of the materials are: silicone rubber, 
urethane rubber, ethylene-propyrene rubber, nitrile 

45 rubber, fluororubber, acrylic rubber, natural rubber, 
fluororesin, polytetrafluoroethylene, polyurethane, 
and the like. 

A coating is formed on the outer peripheral 
surface of the driving shaft 26 in order to improve 

so lubricating properties between the oil seal 41 and 
the driving shaft 26 and enhancing durability. The 
coating will be described with reference to FIG. 4. 

The oil seal 41 is elastically closely fitted on 
the outer peripheral surface of the driving shaft 26 

55 to prevent blood entrance. Surface treatment is 
required on the driving shaft 26 so as to maintain 
the sealing function of the oil seal 41 for a long 
time. This is because the driving shaft 26 also 

6 
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need to have good lubricating property, wear-resis- 
tance, and durability. In this embodiment, a com- 
pound plating film is formed on the surface of the 
driving shaft 26. The compound plating film is 
formed by making a great number of 
tetrafluoroethylene fine particles 51 distributed 
evenly in an electroless nickel plating film so as to 
eutectic. In the embodiment, the eutectic amount of 
tetrafluoroethylene is about 25%. 

The driving shaft 26 is made of stainless steel, 
for example. After cleaning (or removing oily ma- 
terial) and activating, nickel is flush-plated on the 
driving shaft 26. Thereafter, a nickel-plated film 
having a thickness of several micrometers is 
formed in a nickelphosphorus plating solution in 
which there are distributed tetrafluoroethylene fine 
particles which have been made hydrophilic by a 
surface active agent. By this treatment, fine par- 
ticles 57 of tetrafluoroethylene are made eutectic in 
the nickel plating film, and a compound plating film 
58 is formed as shown in FIG. 4. 

When the base material of the driving shaft 26 
is hardened by heat treatment, the compound plat- 
ing film provided Vickers hardness of 500 to 600. 
Since fine particles 57 of tetrafluoroethylene are 
exposed on the surface of the compound plating 
film 58, they provide good lubricating properties 
and water-repellent properties. Fine particles 57 of 
tetrafluoroethylene is suited for human bodies well. 
The fine particles 57 are held in the nickel plating 
film and are combined together. Thus, the fine 
particles 57 are held firmly so as not to fall of the 
plating film. 

The compound plating film 58 is water-repel- 
lent, preventing coagulation of blood, and compati- 
ble with living body. The film 58 may be formed 
not only on the outer peripheral surface of the 
driving shaft 26 which contacts the oil seal 41 , but 
also on the other components of the artificial heart 
which contact blood and/or other body fluids. 

The sealing mechanism 31 is not limited to an 
oil seal but can be applicable to the other sealing 
mechanism such as a labyrinth packing, if the 
conditions allow. 

A dynamic pressure bearing assembly will be 
described with reference to FIG. 5. The dynamic 
pressure bearing assembly rotatably supports the 
proximal end portion of the driving shaft 26 and 
performs sealing between the sealing liquid cham- 
ber 30 and the space in the driving section 5, as 
well. 

The dynamic pressure bearing assembly com- 
prises an outer fixed-side bearing 35 and an inner 
rotary-side bearing 36 which are made of ceramic 
material. The fixed-side bearing 35 and the rotary- 
side bearing 36 have cylindrical portions 35a and 
36a and flange portions 35b and 36b, respectively. 
The cylindrical portion 36a of the rotary-side bear- 
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ing 36 is closely fitted in the cylindrical portion 35a 
of the fixed-side bearing 35, and the flange por- 
tions 35a and 35b are in a close contact with each 
other. 

5 A plurality of dynamic-pressure generating 

grooves 51 and 52 are formed in the outer periph- 
eral surface of the cylindrical portion 36a of the 
rotary-side bearing 36 and the contacting surface 
of its flange portion 36b. 

w The abutting surface of the flange portion 35b 

of the fixed-side bearing 35 is flat as illustrated in 
FIG. 7. A plurality of dynamic-pressure generating 
grooves 52 are formed in the abutting surface of 
the flange portion 46b of the rotary-side bearing 36 

15 as shown in FIG. 8. The grooves 52 are curving as 
shown in FIG. 8. They are shallow as illustrated in 
FIG. 9, about 3 to 10 microns deep. Those portions 
of the surface, or the lands 36c located among the 
grooves 52, and the surface of the flange portion 

20 35b of the fixed-side bearing 35 are smooth, having 
undulation of 0.3 microns or less and maximum 
roughness of about 0.1 micron. The dynamic-pres- 
sure generating grooves 52 have been formed by 
performing shot blasting on the abutting surface of 

25 the flange portion 46b. 

A pair of dynamic-pressure generating grooves 
51 are formed in the outer peripheral surface of the 
cylindrical portion 36a of the rotary-side bearing 
36. These grooves 51 are shaped like a herring- 

30 bone and 51 have the same depth as the dynamic- 
pressure generating grooves 52 formed in the abut- 
ting surface of the flange portion 46b. The grooves 
51 extend in the opposite directions. Hence, when 
the driving shaft 26 is rotated, they guide the 

35 sealing liquid in the opposite directions. 

The operation of the dynamic pressure bear- 
ings 35 and 36 will be described. 

When the driving shaft 25 is rotated, the rotary- 
side bearing 36 is rotated, too. The sealing liquid is 

40 thereby is supplied from the dynamic-pressure 
generating grooves 52 toward the center of the 
flange portion 36b, guided along the dynamic-pres- 
sure generating grooves 51 formed in the abutting 
surface of the flange portion 36b. The sealing liquid 

45 is simultaneously supplied to the middle portion of 
the cylindrical portion 36a, also along the dynamic- 
pressure generating grooves 51. 

As a result, a layer of the sealing liquid is 
formed under high pressure at the center of the 

50 flange portion 36b. Located between the fixed-side 
bearing 35 and the rotary-side bearing 36, the 
sealing liquid layer prevents a mechanical contact 
between the bearings 35 and 36. It serves as 
lubricant, enabling the rotary-side bearing 36 to 

55 rotate with an extremely low resistance applied to 
it, and preventing wear of the bearing 36. The 
cylindrical portion 36a and flange portion 36b of the 
rotary-side bearing 36 bear the radial load and 

7 
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thrust load exerted by the driving shaft 26, respec- 
tively. 

Since the dynamic-pressure generating 
grooves 51 and 52 guide the sealing liquid under 
high pressure to the center of the flange portion 
36b and the middle portion of the cylindrical por- 
tion 36a, the liquid reliably serves as lubricant 
though it is material poor in lubrication action. 

Both the fixed-side bearing 35 and the rotary- 
side bearing 36 are made of hard ceramic material 
such as sintered SiC, sintered cr-SiC containing 
BeO, or sintered SisfV The ceramic materials ex- 
emplified are very hard and have a small coeffi- 
cient of friction. No wear occurs between the bear- 
ings 35 and 36 even if they directly contact each 
other when the motor is started or stopped or while 
the motor shaft is rotating. 

In FIG. 6 is shown the bearing 28 which com- 
prises a rotary-side bearing 28a and a fixed-side 
bearing 28b. A pair of dynamic-pressure grooves 
70 similar to the dynamic-pressure grooves 51 are 
formed in the outer peripheral surface of the rotary- 
side bearing 28a. By the paired dynamic-pressure 
grooves 70, the sealing liquid is delivered in the 
opposite directions and a sealing liquid film is 
formed between the outer peripheral surface of the 
rotary-side bearing 28a and the inner peripheral 
surface of the fixed-side bearing 28b. The sealing 
liquid film reduces resistance of rotation, prevents 
wear and improves durability. 

The bearing 28 may has a structure as shown 
in FIG. 10. A plurality of dynamic-pressure generat- 
ing grooves 71 are formed in the outer peripheral 
surface of the rotary-side bearing 28a. Each of 
these grooves 71 consists of two herring-bone- 
shaped grooves 71a and 71b which extend in dif- 
ferent directions. The grooves 71a is longer than 
the groove 71b. The dynamic pressure generated 
in the dynamic-pressure generating grooves 71 
forms a sealing liquid film between the rotary-side 
bearing 28a and the fixed-side bearing 28b and 
delivers the sealing liquid toward the oil seal 41. 
The delivered sealing liquid leaks little by little from 
between the oil seal 41 and the driving shaft 26 so 
as to ensure prevention of blood from entering the 
driving section. 

Therefore, the bearing 28 functions not only as 
a bearing but also as a micropump for supplying 
the sealing liquid to the oil seal in tiny amounts. 

In FIG. 1 1 is shown another embodiment of the 
bearing 28 formed in its outer surface with a pair of 
groups of dynamic-pressure generating grooves 
and a series of dynamic-pressure generating 
grooves 75. The paired groups of dynamic-pres- 
sure generating grooves 74 deliver the sealing liq- 
uid in the opposite directions to form a sealing 
liquid film between the rotary-side bearing 28a and 
the fixed-side bearing 28b. The dynamic-pressure 
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generating grooves 75 act to deliver the sealing 
liquid toward the oil seal 41. The sealing liquid is 
supplied from the supplying port 73 to the portion 
between the dynamic-pressure generating grooves 
5 74 and 75. 

A second embodiment of this invention will be 
descried with reference to FIG. 12. The motor 
housed in the driving section 5 in this embodiment 
is of an immersed type in a liquid so as to circulate 
10 a sealing liquid. 

The space in the driving section 5 in this 
embodiment is filled with the sealing liquid, and the 
stator 32 and the rotor 33 of the motor are im- 
mersed in the sealing liquid. In the proximal end 
75 portion of the driving section 5 is formed a passage 
55 which is connected to a sealing liquid bag 12 
via a pipe 56. In this embodiment, the dynamic 
pressure bearings 35 and 36 do not perform seal- 
ing but act as pumps for supplying the sealing 
20 liquid in the driving section 5 toward the sealing 
liquid chamber 30. 

In this embodiment, the sealing liquid circu- 
lates by the pump action due to the dynamic 
pressure generated by the dynamic pressure bear- 
25 ings 35 and 36 in such a manner that the sealing 
liquid is supplied from the interior of the driving 
section 5 to the sealing liquid chamber 30 then to 
the sealing liquid bag 12 through the groove 37, 
the passage 38 and the pipe 1 1 and returns to the 
30 interior of the driving section 5 through the pipe 56 
and the passage 55. 

Since the interior of the driving section 5 of this 
embodiment is filled with the sealing liquid, the 
motor resistance increases. However, it is unnec- 
35 essary to consider the possibility that the sealing 
liquid enters the driving section 5 to make it out of 
order in this embodiment as it does in the first 
embodiment, leading to an easy design and en- 
hancing reliability. Because of the circulation of the 
40 sealing liquid, the liquid carries heat generated in 
the stator coil 32 of the motor or the like to the 
sealing liquid bag such that the heat can be dis- 
sipated in the human body in a dispersed manner. 
Thus, the temperature of the sealing liquid and the 
45 driving section 5 is maintained substantially as high 
as the temperature of the human body. It is unnec- 
essary, therefore, to consider the possibility of low- 
temperature burn even if the temperature of the 
surface of the driving section 5 rises more than the 
50 temperature of the human body. This makes the 
design consideration on heat radiation of artificial 
hearts simple and enhances its reliability. The other 
structures of the second embodiment are the same 
as those of the first embodiment. The parts and 
55 elements of the second embodiment which are the 
same as those of the first embodiment are des- 
ignated by the same reference numerals and the 
description thereof is omitted. 
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A third embodiment of this invention is shown 
in FIGS. 13 and 14. Similarly to the second em- 
bodiment as shown in FIG. 12, the artificial heart of 
this embodiment is of a type for circulating a 
sealing liquid through the main body of the artificial 
heat and a sealing liquid bag 12. The sealing liquid 
flows from the supplying port 55 formed in the rear 
end portion of the driving section 5 into the main 
body of the artificial heart and then flows out from 
a vicinity of the sealing mechanism 31 into the 
sealing liquid bag 12. In this way, the circulation of 
the sealing liquid is performed. In this embodiment, 
therefore, the sealing liquid circulates in the overall 
main body of the artificial heart, whereby the inte- 
rior of the main body is always maintained clean, 
leading to high reliability. 

A filter 80 is provided in the sealing liquid bag 
12, for removing foreign matters contained in the 
sealing liquid returned from the main body of the 
artificial heart such that the sealing liquid is always 
maintained clean. The sealing liquid bag 12 is 
provided with a liquid therapy port 81 through 
which the sealing liquid is supplemented or re- 
placed. 

FIG. 14 is an enlarged partial view of the seal- 
ing mechanism 31 of the main body of the artificial 
heart of this embodiment. A pair of groups of 
dynamic pressure grooves 82 and 83 are formed in 
the outer peripheral surface of the rotary-side bear- 
ing 28a of the bearing assembly 28. One group of 
dynamic pressure grooves 82 are longer in the 
axial direction than the other group of dynamic 
pressure grooves 83 such that the former group 
delivers more sealing liquid than the other group. 
With this structure, therefore, the sealing liquid is 
sent in the opposite directions by the dynamic 
pressure grooves 82 and 83 and a sealing liquid 
film is formed between the rotary-side bearing 28a 
and the fixed-side bearing 28b due to the dynamic 
pressure in the dynamic pressure grooves 82 and 
83. Since the former group of dynamic pressure 
grooves 82 deliver more sealing liquid than the 
latter group of dynamic pressure grooves 83 do, 
the sealing liquid is supplied toward the oil seal 41. 

When the sealing liquid which is being sent 
toward the oil seal 41 passes through the orifice 
portion 84, the flow speed of the liquid increases 
and is sent to a rear side portion of the oil seal 41. 
Vane projections 85 are formed on the portion of 
the driving shaft 26 which is close to the oil seal 
41. As the driving shaft 26 rotates, the vane projec- 
tions 85 agitate the sealing liquid therearound and 
deliver it to the rear side portion of the oil seal 41. 
As a result, neither the sealing water nor foreign 
matters stay in the rear side portion of the oil seal 
41, whereby sealing of the oil seal 41 is securely 
maintained. 



In the wall of the extension 24 of the casing 21 
of the main body of the artificial heat is formed an 
exhausting passageway 81 through which the seal- 
ing liquid in the rear side portion of the oil seal 41 
5 is sent to the sealing liquid bag 12. 

Claims 

1. An artificial heart including a main body of said 
io artificial heart characterized by comprising: 

(a) a cylindrical pump section (4); 

(b) a driving section (5) having a driving 
shaft (26) and provided on said proximal 
end of said pump section (4) for driving said 

15 pump via said driving shaft, said driving 

shaft (26) having an outer peripheral sur- 
face; 

(c) a sealing mechanism (31) provided be- 
tween said driving section (5) and said 

20 pump section (4), for maintaining said driv- 

ing shaft (26) in a liquid tight state and 
preventing blood from entering said driving 
section (5) from said pump section (4); and 

(d) a sealing liquid chamber (30) surrpund- 
25 ing said driving shaft (26) between said 

sealing mechanism (31) and said driving 
section (5), said sealing liquid chamber be- 
ing filled with a sealing liquid. 

30 2. The artificial heat according to claim 1, char- 
acterized in that said sealing mechanism (31) 
has an oil seal (41) made of elastic material 
closely fitted on said outer peripheral surface 
of said driving shaft (26) and formed with a 

35 lubricating film of said sealing liquid between 

said oil seal (41) and said outer peripheral 
surface of said driving shaft (26). 

3. The artificial heart according to claim 2, char- 
40 acterized in that said outer peripheral surface 

of said driving shaft (26) is covered with a 
coating film comprising plated metal and fine 
particles made of tetrafluoroethylene and de- 
rivatives thereof distributed in said plated met- 
45 al. 

4. The artificial heart according to claim 1, char- 
acterized in that the surfaces of components 
which contact blood and/or other body fluids is 

50 covered with a coating film (58) comprising 

plated metal and fine particles (57) of 
tetrafluoroethylene and derivatives thereof dis- 
tributed in said plated metal. 

55 5. The artificial heart according to claim 1, char- 
acterized by further comprising a sealing liquid 
bag (12) made of flexible material, filled with 
said sealing liquid and embedded in said hu- 
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man body, said sealing liquid chamber (30) 
being connected to said sealing liquid bag 
(12). 

6. The artificial heart according to claim 1, char- 
acterized in that said driving section (5) is 
provided with a dynamic-pressure seal bearing 
(35, 36) for supporting said driving shaft (26) 
and delivering said sealing liquid toward said 
sealing liquid chamber (30) by a dynamic 
pressure generated by rotation of said dy- 
namic-pressure seal bearing (35, 36) so as to 
maintain said driving section (5) in a liquid tight 
state, said sealing liquid chamber (30) is 
formed between said dynamic-pressure seal 
bearing (35, 36) and said sealing mechanism 
(31), and said driving section (15) is filled with 
a gas. 

7. The artificial heart according to claim 6, char- 
acterized in that said dynamic-pressure seal 
bearing (35, 36) is made of ceramic material. 

8. The artificial heart according to claim 6, char- 
acterized in that said dynamic-pressure seal 
bearing (35, 36) comprises a rotary-side unit 
(36) and a fixed-side unit (35), each having a 
cylindrical portion (36a, 35a) for receiving ra- 
dial load and a flange portion (36b, 35b) for 
receiving thrust load, and dynamic-pressure 
generating grooves (51, 52) are formed in the 
cylindrical and flange portions (36a, 36b) of at 
least said rotary-side unit (36). 

9. The artificial heart according to claim 1, char- 
acterized by further comprising a dynamic- 
pressure seal bearing (28) at a distal end of 
said driving shaft (26), said dynamic-pressure 
seal bearing (28) functioning as micropump for 
supplying the sealing liquid from said sealing 
liquid chamber (30) to said sealing mechanism 
(31) in small amounts. 

10. The artificial heart according to claim 9, char- 
acterized in that said dynamic-pressure seal 
bearing (28) is made of ceramic material. 

11. The artificial heart according to claim 9, char- 
acterized in that said dynamic-pressure seal 
bearing (28) comprises a cylindrical portion 
(28a) for receiving radial load, and dynamic- 
pressure generating grooves (70, 71, 74, 75) 
are formed in an outer peripheral surface of 
the cylindrical portion (28a) of said dynamic- 
pressure seal bearing (28). 

12. The artificial heart according to claim 1, char- 
acterized in that said driving section (5) has an 
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interior filled with said sealing liquid, and said 
sealing liquid chamber (30) extends to said 
interior of said driving section. 

5 1a The artificial heart according to claim 12, char- 
acterized by further comprising a sealing liquid 
bag (12) made of flexible material and filled 
with said sealing liquid, said sealing liquid 
chamber (30) communicating with said sealing 

10 liquid bag (12) through a plurality of pipes (81) 

so as to cause said sealing liquid to circulate 
through said sealing liquid chamber (30) and 
said sealing liquid bag (12). 

is 14. The artificial heart according to claim 13, char- 
acterized by further comprising vane projec- 
tions (85) formed adjacent to said sealing 
mechanism (31) on said outer peripheral sur- 
face of said driving shaft (26), for agitating said 

20 sealing liquid therearound. 



25 



30 



35 



40 



45 



50 



55 



10 



EP 0 629 412 A2 




FIG. ] 



DOCID: <EP 062941 2A2J_> 1 1 



EP 0 629 412 A2 




EP 0 629 412 A2 




FIG. 3 




F I G. 4 



13 



EP 0 629 412 A2 





3OCI0: <EP 062941 2A2_L> 



14 



EP 0 629 412 A2 



FIG. 7 




F I G. 8 52 




FIG. 9 



DOC ID: <EP 062941 2A2_1_> 



15 



EP 0 629 412 A2 




30CID: <EP 062941 2A2_I_> 



16 



EP 0 629 412 A2 




•DOC ID: <EP 06294 12A2_!_> 



17 



EP 0 629 412 A2 




; DOCID: <EP 062941 2A2_I_> 



18 



EP 0 629 412 A2 




FIG. H 



06294 12A2_L> 



19 



